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ABSTRACT 

This report outlines the work carried out by an Institute 
Research Team to assess the variation of phosphate input to urban water- 
ways primarily serviced by septic tanks and sanitary services. 

The persistence of household sanitary system as a dominant 
determinant of stream phosphate levels has been demonstrated. The 
results suggest that to practice phosphate pollution abatement a concen- 
trated effort should be made to place all urban residential units on 
integrated city sewer systems. 



Resume 

Ce rapport que voici presente les grandes lignes des travaux 
executes par I'Equipe de I'Institut de Recherches dans le but d'evaluer 
les variations de la quantite de phosphate qui penetre dans les voies flu- 
viales entretenues principalement par des fosses septiques et par les 
Services Sanitaires, 

On a demontre que la Constance du systeme sanitaire d 'habitation 
est 1 'element determinant et dominant des niveaux de phosphate dans les 
cours d'eau. Les resultats suggerent que, pour mettre en pratique une 
reduction de pollution de phosphate, on devrait concentrer tous les efforts 
a relier toutes les unites de logement a un projet d' ensemble urbain de 
reseaux d'egouts. 
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Chapter 1 
RESIDENTIAL SOURCES OF PHOSPHATE POLLUTION 



Introduction 



Although the problem of water pollution has been recognized for 
many years, the excessive addition of phosphate compounds into local water- 
ways only recently became recognized as a serious source of such pollution. 
During the last three years considerable verbiage has been expended by the 
press and various pressure groups on the topic of phosphate pollution and 
its sources. Unfortunately, much of this flurry of words is based on 
meager amounts of viable data. Some basic questions regarding the sources 
of the pollutants, their entry into the waterways, and their effects on 
aquatic ecosystems still remain unanswered. 

One of the more complex aspects of this project was the geographer's 
task of estimating and tracing the sources of phosphate pollution. Residen- 
tial effluents constitute one of the major sources of phosphates entering 
the drainage systems. It is the purpose of this investigation to assess 
those factors influencing phosphate levels in urban effluents derived from 
residential areas. 

Research on Phosphate Pollution 

Recent studies have indicated phosphate compounds to be a major 
source of fresh water pollution leading to the accelerated eutrophicat ion 
of local waterways. According to a recent report of the inland Waters 
Branch of the Department of the Environment (1970), municipal wastes 
account for 6h per cent of the phosphates added to Lake Erie and in 1970 
the International Joint Commission estimated that each year 35 million 
pounds of phosphate compounds flow into Lake Erie through the Detroit 
River, According to estimates made by Jenkins, Ferguson and Menar (1971) 
household detergents account for 50 per cent of the phosphates in domestic 
sewerage and they recommend nrare efficient sewerage treatment to remove 
the excess phosphates. 

The International Joint Commission (1970) also noted that many 
municipal sewerage systems are incapable of treating the increased flows 



stemming from heavy storm activities, and as a result a combination of in- 
dustrial, domestic and storm runoff containing a large concentration of 
phosphates flows into Lake Erie in an untreated state. In addition, this 
report cited various industries as sources of pollutants which are high in 
oxygen consuming constituents that augment the effects of phosphate pollution. 
This report also noted that the wastes dumped from commercial and private 
pleasure craft into Lake Erie annually equal the wastes produced by a town 
with a population of 7.700. Finally, the International Joint Commission 
estimated that 38.3 per cent of all phosphate wastes entering Lake Erie come 
from the Detroit River. Since all of Windsor's waterways drain into Lake 
Erie, it is probable that Windsor is a significant contributor to the eutro- 
phication of Lake Erie. To arrest this situation, we must calculate the 
relative contributions of various activities to phosphate pollution in the 
Windsor area. One aspect of this problem involves an assessment of the 
effluent characteristics derived from various human activities. 

An investigation of the relationship between different urban dis- 
charges in the Windsor metropolitan area was carried out by LaValle (1972) 
in 1971. The purpose of this particular investigation was to assess the rel- 
ative contribution of different land use activities on phosphate pollution 
levels in urban waters. The investigation proceeded in the following manner: 

1. land use maps were made of the study area separating each 
parcel of land into four land use categories (industrial, agri- 
cultural, residential and commercial); 

2. from a random sample of sites found in each land use category 
stream water specimens were collected; 

3. each water specimen was subjected to analysis designed to reveal 
the amount of total phosphates in the specimen; 

k. differences in the phosphate levels of waters derived from each 
land use type were assessed. 

La Valle (1972) found a significant degree of variation between the 
phosphate levels of residential, industrial, commercial and agricultural 
waters with the highest phosphate levels being associated with residential 
and industrial waters. Also no significant difference between the phosphate 
levels of residential and industrial waters was observed indicating that 
both types of land use activity yield similar quantities of phosphates to 



urban waterways In the Windsor area. This set of observations implies that 
effective phosphate control depends on the control of both residential and 
industrial sources of waterborne phosphates. 

In two other studies La Valle (1971, 1972) attempted to assess 
the socioeconomic factors associated with residential phosphate detergent 
use and attitudes towards phosphate pollution problems. However, very 
little research has been carried out on the relationship between phosphate 
content of waters derived from residential areas and the following factors: 
(0 household detergent use; (2) residential fertilizer use; (3) the type 
of household sanitary system utilized in the study area; (h) population 
density; and (5) precipitation phosphate content In the study area. There- 
fore an attempt should be made to assess the influence of these factors on 
phosphate levels found In streams draining urban residential sites. 

An Approach To The Study Of Phosphate Pollution In The Windsor Area 

Since La Valle (1972) observed that residential land uses were 
associated with stream phosphate levels that were higher than those derived 
from commercial and agricultural land uses while not being significantly 
less than those derived from Industrial land uses, it seems necessary to 
assess those factors which may Influence spatial variation of stream 
phosphate concentrations derived from urban residential land use area. 
This contention Is further supported by findings released by the Internat- 
ional Joint Commission (1970) and Jenkins, Ferguson and Menar (1971)- There- 
fore an attempt will be made to isolate a random sample of urban residential 
drainage basins which are dominated only by residential activities and assess 
stream phosphate contents of these areas relative to household detergent 
use, garden fertilizer use, household sanitary system type, etc. It Is 
hoped that this analysis will isolate those factors most strongly assoc- 
iated with stream phosphate levels, which, In turn, may be used in a plan 
of phosphate pollution abatement. 



Chapter 2 
METHOD OF RESIDENTIAL PHOSPHATE POLLUTION ASSESSMENT 



Phosphates in Urban Waters 

Since this investigation was concerned with the various sources 
of residential phosphates which may be introduced into local streams, it 
was necessary to accomplish the following steps: 

1. A random sample of drainage basins totally dominated by resi- 
dential activities was selected. 

2. A water sampling site free from contamination from other non- 
residential land use activities was selected from within these 
bas ins. 

3. Several water specimens were drawn from each of these sites 
for analys i s . 

^. Each water specimen was subjected to a chemical analysis 
which yields information on total phosphate and orthophos- 
phate content in addition to data on temperature, discharge, 
pH, etc. After this information was collected and tabulated 
some correlations could be made with measurements of those 
factors thought to influence stream phosphate concentrations. 
Each water specimen collected was either analyzed within 18 hours 
of the collection time or stored in a refrigerator. The analysis was 
designed to isolate the total phosphate concentration as well as the or- 
thophosphate concentration following the method set forth in Standard 
Methods for Examination of Water and Wastewater (1970). 

In this investigation the persulfate digestion method for poly- 
phosphate and the benzene isobutanol extraction modification of the stan- 
nous chloride method were used to determine phosphate content. 

In this investigation, temperature, pH, and stream discharge 
were also calculated at the time the stream waters were sampled. These 
measurements allow an assessment of the rate of hydrolysis of polyphos- 
phates to orthophosphates using the method outlined in VanWager (1969)- 
Since at least three samples were to be taken at each site, we 



decided to assess the variation of stream phosphate content in two separate 
analyses. First, it is necessary correlate the average phosphate content 
derived from all samples taken at each site with those factors thought 
to influence phosphate levels. Next, one must extract the maximum phosphate 
level found at each site with those factors thought to be associated with 
variations in stream phosphate levels, because it was felt that there may 
be a significant difference in the influence of these factors on stream 
phosphate loads in that their effects may be more pronounced during peak 
flow periods. Therefore one can assess the influence of certain residen- 
tial parameters on stream total phosphate loads for both average and max- 
imum flow conditions, and at the same time repeat an analogous procedure 
for stream orthophosphate loads. 

Sample Design 

In order to assess the influence of certain residential factors 
on urban phosphate pollution, it is necessary to accomplish the following 
prel imi nary steps : 

a. delineate the purely residential areas through a land use 
mapping program; 

b. delineate those drainage systems which lie totally within 
areas used for residential purposes; 

c. select a random sample of these residential drainage systems 
for analysis . 

The land use mapping program was initiated in 1970 and was completed for 
the purposes of the study in 1972. The delineation of the residential 
drainage systems was started in 1971 and finished in the fall of 1972, 
and 'this information was used to select the study sites. 

The land use mapping program was based on the analysis and up- 
dating of existing land use information which was supplemented by data 
gathered from recent (1968) aerial photographs. This information was 
then field checked by student survey teams sent out by the University of 
Windsor, Department of Geography, which in turn was reevaluated by our 
research team in order to eliminate any further errors. Once this was 
accomplished, it was possible to assess the residential drainage network. 



Data on the residential drainage network was obtained from 
city maps of sanitary and storm sewer lines, air photographs, and from 
student surveys, which were started in 1971. This information was then 
reevaluated by the research team in the late summer and early fall of 
1972 in the course of reconna i sance of the study region. During the 
course of this part of the investigation, attention was focused on 
those drainage systems which drained areas solely used for resident- 
ial purposes. Any drainage system subject to contamination effects 
associated with other forms of land use was eliminated from the study. 
Furthermore, those areas where the collection of surface runoff and 
streamflow data was rendered impossible were eliminated. Once those 
drainage systems suitable for analysis were delineated, a random sam- 
ple was selected for analysis. 

In collecting water specimens care was taken to select 
sampling sites which carried waters derived solely from the delineated 
drainage systems. However, an attempt was made to locate each sampling 
site near the mouth of the watershed so that an adequate representative 
sample of water quality could be obtained for the drainage system as a 
whol e. 

Population Density and Phosphate Pol 1 ut ion 

Since residential land uses seem to be associated with fair- 
ly high levels of phosphate concentration in urban waters a direct rela- 
tionship should exist between residential population density and phos- 
phate concentrations in residential waters. As the population density 
increases there should be a corresponding increase in the level and 
intensity of phosphate use leading to a greater amount of phosphate 
wastes being dumped into urban drainage systems. However, in this in- 
vestigation, the relationship is affected by the existence of integrated 
sanitary sewer systems which divert those phosphates associated with 
household sewerage away from surface 'dra i nage networks draining into 
the Detroit River, leaving only those phosphates which are associated 
with garden fertilizers to enter the surface drainage systems. The 



types of household sanitary systems found in various parts of the city 
must therefore be taken into consideration. 

In assessing the interaction between residential population densi- 
ties and phosphate pollution, it was necessary to determine the population 
distribution of the City. A dot population map of the City of Windsor was 
prepared and used in establishing the size of the resident population con- 
tributing effluents to individual sewer lines or surface drains as of August, 
1971. 

Information for the compilation of the map came from various sources, 
including field work. Population statistics from the 1966 Census were 
collected according to census tracts. City building permit maps, showing 
buildings and houses in the City of Windsor, were also collected and field 
checked for accuracy as of August , 1971. An apartment directory for the 
City of Windsor was compiled, noting the location of the apartment and the 
number of units in it. 

Each dot was made to represent 50 people, so that large apartments 
would stand out as tightly coalescing clusters of dots while detached housing 
areas would show moderately dense dot groupings, and suburban housing only 
a moderate dot concentration. At the same time, care was taken to locate 
each dot in such a way that It would correspond to the location of the 
residence accurately enough to serve as an analytical tool. 

The resultant pattern (Figure 1, p. 8) illustrates the residential 
areas of the City of Windsor and their population densities. 

This population distribution map served as a basis for the sampling 
design of the intensive survey of residential detergent use and phosphate 
pollution perception. 

Household Detergent Use And Phosphate Pollution 

In order to estimate the potential magnitude of phosphate mater- 
ials which find their way into the urban drainage network, tt is necessary 
to evaluate the spatial patterns of household detergent use, Internat ional 
Joint Commission (1970), Nesbitt (1966), Lamb (1969). A preliminary quest- 
ionnaire was prepared and a small trial survey conducted to test the questlon- 
aire, the method of conducting the survey, and the sampling design. On 
the basis of this experience, a final questionnaire was drafted and 600 
copies produced. This represents a ]% sample of the 59,000 households in 
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the C i ty of Wi ndsor . 

The questions (Appendix A) were designed to obtain a wide range 
information, from the equipment and mechanics involved in doing the laundry 
to the kinds of soap and detergents used; from the habitual patterns in 
doing the laundry and taking care of the garden to the socio-economic and 
demographic characteristics of the family. 

A stratified random cluster sampling procedure was established to 
provide efficiency in the interview operations yet at the same time elimi- 
nate bias. Stratification was based on the k] census tracts in the City 
of Windsor. Each census tract was sampled in proportion to the number of 
households it contained. 

Each sample household was subjected to an intensive set of quest- 
tions which were designed to determine the average monthly use of phosphates 
in detergents. In order to accomplish this goal it was necessary to ascer- 
tain the quantity and brand name of each detergent used in order to calculate 
the total usage of phosphate additives in the detergents. Using the publi- 
shed analyses of the amounts of phosphates contained in each product, it is 
possible to convert the total weight of each product used into an estimate 
of the total weight of phosphate used. However, since this phase of the 
investigation was initiated at the time when the Canadian government was ex- 
erting pressure to reduce the quantity of phosphates contained in detergents 
and a public outcry in the press and otherforms of the communications media 
was being carried out, it is quite feasible that the use of household deter- 
gents containing phosphates (i.e. people switching to low or non-phosphate 
detergents) may have been considerably reduced by 1972 when the sampling pro- 
gram was completed so that there may be only a weak correlation between the 
average monthly use of phosphate detergent and the phosphate concentrations 
found in urban residential drainage systems. 

Garden Fertilizers and Phosphate Pollution 

One factor which had received little attention in the literature 
is the effect of the use of phosphates in garden fertilizers on the phos- 
phate concentrations found in urban residential drainage systems. Using 
data obtained from the questionnaire, it was possible to assess the average 
annual use of garden and lawn fertilizers by each household. The quantity 
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and brand name of each substance used for landscaping improvement was deter- 
mined and evaluated in a manner similar to that used to calculate the average 
monthly use of phosphate compounds in household detergents. 

While several investigators have studied the use of agricultural 
fertilizers containing phosphates in terms of potential sources of phosphate 
pollution (Lamb, 1969; Commoner, 1970; Chant, 1970), very little researci. has 
been directed towards the role residential fertilizers may play with respect 
to the phosphate pollution problem in urban areas. An attempt was therefore 
made to assess the comparative contribution of lawn and garden fertilizers 
to the waterways draining residential areas. Basically lawn and garden ferti- 
lizers may contribute phosphates to local waterways in a manner similar to 
that of agricultural fertilizers but on a different scale of magnitude. 
Since this report is concerned with the net influence of residential ferti- 
lizer use on phosphate pollution, however, it shall only assess the average 
annual contribution of residential fertilizer use to streams draining resi- 
dential sites. It Is hypothesized that there should be a positive correlation 
between residential stream phosphate concentration and the average yearly use 
of phosphates In garden fertilizers. 

Household Sanitary Systems And Phosphate Pollution 

Much has been written about the possible influence of household 
effluents on phosphate pollution, but In order to assess this problem one 
must trace the flow of household effluents to the stream system. The first 
step in such an analysis Is to differentiate those household effluent flows 
going from a city sewer system through a treatment plant and then into the 
stream network from those which flow directly into the stream system from 
houses not served by City sewers or which are served by septic tanks. Phos- 
phates may find their way into stream systems through ground water recharge 
originating from Improperly constructed septic tanks, and very little attention 
has been drawn to this problem. Therefore, the relationship between phosphate 
content of local streams and the percentage of houses not connected to city 
sewer lines shoul d be evaluated to determine the net effect of sanitary system 
quality on phosphate pollution, A high negative correlation between the per- 
centage of houses connected to city sewer lines and the concentration of phos- 
phates in urban streams should be observed, indicating the obvious conclusion 
that those homes not served by city lines tend to discharge phosphates Into 
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streams near the home site in spite of the existence of spetic tani<s; while 
those homes tied into city sewer lines route their phosphate effluents directly 
to sewerage treatment plants. Even in a modern city like Windsor there ex- 
ists a significantly large number of homes serviced by septic tanl<s or which 
dump untreated effluents directly into stream systems, and this phase of the 
analysis should shed some light on the relative importance of this problem 
in Windsor. Therefore, data on household sanitary system type, derived from 
the household interviews, were tabulated for each drainage basin and the 
percentages of homes tied into the city sanitary system per drainage basin 
were correlated with stream phosphate concentrations. 

Preci pi tat ion And Stream Phosphate Concentrations 

Another source of phosphates entering urban stream systems, which 
has received little attention in the literature, is rainfall and other forms 
of atmospheric precipitation. Early in the summer of 1970 an extensive rain- 
gauge networl<L was established in the Windsor Metropolitan Region. It consisted 
of sixteen gauging stations designed to give a detailed picture of precipi- 
tation patterns in this area. Records of precipitation chemistry have been 
l<ept for only three of these gauging stations, and up until the fall of 1972 
sufficient data were not collected from these raingauges to give an adequate 
portrait of the variation of precipitation phosphate concentrations in the 
study area. Therefore, in the late fall of 1972, rain waters collected in 
the raingauge networl< were sampled in order to determine their phosphate 
content. In addition a networlc of 23 collecting stations was established in 
one third of the sample watersheds in order to assess the spatial variation 
of precipitation phosphate content relative to streamflow phosphate content. 

If phosphates are not added to streamwaters from any other source, 
then one would expect to find a direct correlation between streamflow phos- 
phate concentrations and precipitation phosphate concentration. However, 
such a relationship would probably be overshadowed by the introduction of 
phosphates into the stream system from other sources. 

In this investigation, precipitation phosphate content data is 
introduced to the correlation studies relating stream phosphate contents 
with data on detergent use, fertilizer use, and household sanitary system 
types in a separate set of studies encompassing the 2^* watersheds where pre- 
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cipitation data were gathered. 

A Multivariate Study Of Residentia) Sources Of Phosphate Pollution 

Numerous writers such as Traversy and Comba (1971), Lamb (I969), 
Mitchell (1971), Chant (1970), and Weaver (I969) have cited residential 
uses of phosphate materials as a major source of phosphates in urban efflu- 
ents, but none of these studies has attempted to assess the multivariate re- 
lationships that might exist between the phosphate content of urban resi- 
dential waters and certain residential land use parameters such as: 

a. population density, 

b. the annual average use of phosphate fertilizers on lawns and 
gardens ; 

c. the monthly use of detergent phosphate by weight, and; 

d. the proportion of homes serviced by sanitary sewer facilities 
(as opposed to septic tanks) 

within the watershed upstream from the water quality sampling point. This 
set of possible relationships was tested in five separate multiple regres- 
sion studies correlating these four predictor variables with the following 
streamflow phosphate indices: 

a. mean total phosphate content 

b. mean orthophosphate content 

c. maximum observed total phosphate content 

d. maximum observed orthophosphate content 

e. mean estimated polyphosphate concentration. 

For the 2k watersheds where precipitation data are available, 
these multiple regression studies are replicated with the precipitation 
data added as a fifth independent variable. 

In this investigation the influence of the four predictor variables 
on both total and orthophosphate concentrations found in the residential 
stream waters are determined in order to ascertain if any major differences 
could be detected in the nature of the observed relationships. This test 
is necessary because in phosphate composition household detergents tend to 
dominated by polyphosphates, while natural phosphates tend to be dominated 
by orthophosphates (McCarty et al 1967). If significant differences in the 
nature of the multivariate relationships between the predictor variables and 
the two forms of phosphate compounds found in urban waterways are noted, then 
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further studies are required. 

In addition the influence of the independent variables on both 
the mean phosphate contents and the maximum phosphate contents observed at 
each site are tested to see if there is any significant deviation in the 
nature of the observed relationships in the two regression studies. This is 
done because certain predictor variables may have a greater influence on the 
maximum phosphate levels than the mean phosphate levels, since under high flow 
conditions the effects of some of the predictor variables may be amplified. 

An Approach To The Study Of Polyphosphate Patterns 

In this investigation we have proposed to study the spatial var- 
iation of both total and orthophosphate concentrations in streams in rela- 
tion to spatial variations of septic tank use, fertilizer use, population 
density, detergent phosphate use, and precipitation phosphate concentrations. 
In addition those factors which influence the spatial variation of stream 
polyphosphate concentrations are examined in much the same manner as for 
stream total phosphate and orthophosphate concentrations. 

Therefore, it is hypothesized that stream polyphosphate concen- 
trations are a function of the following variables: (l) percentage of house- 
holds connected to city sewers; (2) mean annual weight of phosphates in fer- 
tilizers used; (3) mean monthly weight of phosphates in detergents used; 
and (4) population density. Since the phosphates in the precipitation 
samples were dominated by orthophosphate, precipitation is not included as 
a variable in this analysis. The polyphosphate content of stream waters 
was estimated by taking the difference between the total phosphate content 
and orthophosphate content, which then required a correction for the hydro- 
lysis of the complex phosphate forms to the momeric form following the algo- 
rithm provided by VanWager (1969). Data on stream temperature and pH were 
used to estimate the half life (VanWager, 1969, p. 25^ of the polyphosphates. 
Based on our field observations the half lives of even some of the more un- 
stable polyphosphates range from two weeks to several months, so the differ- 
ences between the total stream phosphate contents and stream orthophosphate 
contents probably give a fair estimate of the polyphosphate content of the 
streams. These estimates can then be correlated with the proposed pre- 
d ictor variables . 
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In this phase of our investigation, similar results to those 
expected for the analysis of orthophosphate and total stream phosphate 
contents are expected. In polyphosphate analyses, however, the influence 
of household detergent phosphate use patterns take on a greater level of 
significance, because the detergent phosphate compounds tend to be almost 
exclusively dominated by polyphosphates. Since phosphate compounds in 
precipitation tend to be dominated by orthophosphates , it is not expected 
that a different set of relationships will be found between precipitation 
phosphate content and polyphosphate patterns in streams. In addition, 
because these data constitute only rough estimates of the polyphosphate mix 
found in the stream systems, a greater degree of measurement error will 
probably be present in this phase of the investigation. 
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Chapter 3 

PHOSPHATE CONCENTRATION PATTERNS IN THE WINDSOR AREA 

Phosphate Concentrations In Residential Waters 

During the study, over 200 water specimens were ccTlected and 
analyzed for both total and orthophosphate content. In the course of the 
investigation, we observed total phosphate concentrations in residential 
stream waters ranging from 0.10 ppm to a high of 26. '+0 ppm within the 
study sample watersheds. In certain areas, outside the sample watersheds, 
total phosphate concentrations as high as 200 ppm were observed in waters 
dominated by a combination of industrial and residential land uses. 

Actually this observation was found to be located in a region 
where substandard urban housing was located in a zone which has been reserved 
solely for industrial land use, and in the area where the observation was 
made, we noted that the housing in question was either equipped with an in- 
adequate septic tant< or was discharging raw sewage into the stream system. 
In another investigation, La Valle (1972) collected data on the effect of land 
use on phosphate levels in urban stream systems. He noted that high phosphate 
concentrations were found in those industrial regions which were subject to 
urban blight in the form of substandard urban housing existing in the indus- 
trial area, which in many cases was associated with the presence of inadequate 
sanitary disposal systems. These observations were made again in this study, 
but the data were not included in the sample data due to contamination pro- 
blems . 

In general, the average total phosphate concentration found in 
residential streams runs about 5-31 ppm, while the average orthophosphate 
content runs about 3-5'« ppm. During maximum concentration periods, the 
average residential total phosphate concentration runs about 6.90 ppm and 
the orthophosphate concentration about S-^2 ppm. However, a rather large 
variance exists in the figures for the mean total phosphate concentrations 
found in residential streams as indicated by a standard deviation of 4.36 ppm. 
In general, the distribution of both the orthophosphate and total phosphate 
measurements are not normal, indicating that a transformation is required 
if the normality requirements of the regression models are to be met (see 
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TABLE I 
DESCRIPTIVE CHARACTERISTICS OF STUDY VARIABLES 
Variable Mean Standard Deviation 

X, (% households connected to city sewers) 
X- (mean annual weight (kg) garden fertilizer used) 
X, (mean monthly weight (kg) of phosphates in detergents used) 
X. (population den5ity/0.25 km ) 

X (mean total phosphate content of precipitation (ppm)) 
y (moan total stream phosphate concentration (ppm) ) 
y, (mean stream orthophosphate concentration (ppm)) 
y (max. total stream phosphate concentration (ppm)) 
y (max. stream orthophosphate concentration (ppm)) 



67.1 


47.8 


9.68 


8.10 


1.34 


0.53 


770 


443 


0,057 


0.030 


5.32 


4.35 


3.54 


4.35 


6.89 


7.75 


5.42 


6.31 



* = based on 24 precipitation sampling stations; all others based on 61 watershed units 
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King, 1969; Appendix B) . 

Ttie spatial distribution of the mean total phosphate concentra- 
tions are depicted in Figure h, p. 19, while the spatial pattern of the mean 
orthophosphate concentrations are depleted in Figure 5, p . 20. Note that 
the highest values for mean total phosphate and mean orthophosphate con- 
centrations tend to be found along the fringes of the City and are also 
concentrated in South Windsor. It is interesting to note that these areas 
are characterized by household sanitary systems which are dominated by septic 
tanks rather than integrated sewer systems, which suggests that the type 
of sanitary system found in a watershed may be a major determinant of the 
phosphate loads found in the stream systems draining these watersheds. 

Figure 6 (p. 22) depicting the spatial pattern of maximum total 
phosphate concentrations found in the residential sample watersheds, and 
Figure 7 (p. 23), depicting the spatial distribution of the maximum ortho- 
phosphate concentrations also show high values in South Windsor and the areas 
fringing the City, which reinforces the observations made in the preceding 
paragraph. On all four maps of phosphate concentration parameters, low values 
tend to be found in the central core of the City in spite of the fact that 
some of the highest residential population densities are found In these 
sample sites, and in spite of the fact that high levels of phosphate deter- 
gent use were observed here. 

Phosphates In Atmospheric Precipitation 

One possible source of phosphates in residential stream waters 
that has not received much attention in the literature is atmospheric pre- 
cipitation in the form of rainfall and snowfall, but if one is to understand 
the factors controlling the spatial variation of stream phosphate loads, 
one must include an assessment of the influence of the precipitation factor 
In this investigation, we attempted to use water samples from a 16 rain- 
guage station network established within the Windsor area, but due to the 
unfortunate addition of phosphate rich antifreeze to the raingauges during 
the fall and winter of 1972, data from only one raingauge could be used. 
However, we do have a record of rainfall phosphate concentrations collected 
for the Windsor Airport and the University of Windsor Weather Station for 
a period extending from August through January during 1971. These data are 
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summarized in Figure 8, p. 2 5, and it can be seen that there is a tendency for 
the phosphate concentrations to be higher in the summer rainfall samples than 
those collected in the winter. This trend was also observed with respect 
to the residential stream flow samples. 

When it was discovered that phosphate contaminants were being 
added to the raingauge network in the form of detergent antifreeze, a pre- 
cipitation collection network was established in 2k of the 61 sample water- 
sheds used in this study. Based on these data, a map of precipitation phos- 
phate concentrations was constructed (see Figure 9, p. 26). In general the 
total phosphate concentrations in the precipitation samples varied between 
0.020 ppm and 0.186 ppm with the average phosphate concentrations in the 
precipitation samples being 0.057 ppm while the standard deviation for these 
sample data was O.O36 ppm. The precipitation samples from the western extreme 
of the City and South Windsor indicated three areas of relatively high phos- 
phate concentration. However, the quantities of phosphates in the precip- 
itation samples were nowhere near the order of magnitude of those found in 
the residential streams, so precipitation alone is not the sole source of 
stream phosphate concentrations. It is also interesting to note that two 
of the high precipitation concentrations were located in areas dominated by 
septic tank use. A sample of twenty-four sampling stations is rather small 
to make strong inferences about the detailed spatial structure of phosphate 
concentrations in precipitation patterns however, so any detailed conclu- 
sions about the role of precipitation-borne phosphates as a source of stream 
phosphates will require additional study. 

When the phosphate concentration of the precipitation data was 
correlated with the mean total phosphate concentration of the residential 
water samples a nonsignificant correlation was noted (r = 0,125) , but this 
relationship does not take into account the effects of the other variables 
in the system. Actually, when the effects of the distribution of house- 
hold sanitary system type are taken into account, the correlation between 
precipitation total phosphate concentrations and those of the residential 
streams becomes significant, as evidenced by a partial correlation coeffi- 
cient of 0.43. When the effects of the spatial pattern of phosphate ferti- 
lizer use are taken into account, this relationship again increases slightly 

to R , - 0.45. (Here the subscripts denote the following: y r stream 
y I . /J 

2k 
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phosphate concentration; 1 = percentage of homes connected to the city san- 
itary sewer systems per watershed; 3 = average annual weight of phosphate 
fertilizers used in each watershed area.) Therefore, it seems that when one 
controls the influence of the effects of household sanitary systems and phos- 
phate fertilizer use, the relationship between precipitation phosphate content 
and streamflow phosphate content assumes the expected form. This also in- 
dicates that the other two variables are probably more important determinants 
of phosphate levels in stream waters. Thus it seems that there is a direct 
correlation between streamflow and precipitation phosphate levels in those 
areas where the effects of phosphate pollution associated with inadequate 
sanitary disposal systems or garden fertilizers are minimized. However, it 
must be noted that these inferences are being made on a relatively small 
sample of 2k cases, so additional work may be needed to verify these findings. 

When the precipitation phosphate data were correlated with the 
maximum total phosphate concentrations of the sample watersheds, an insig- 
nificant correlation was observed (r = 0.22), which reinforces the findings 
cited earlier that the relationship between atmospheric and fluvial phosphate 
concentrations is influenced by other sources of phosphate contamination. 
This contention is further supported by the results of a partial correlation 
analysis run between precipitation phosphate concentrations, and maximum 
total stream phosphate concentrations where the effects of garden fertilizer 
use and household sanitary system type were controlled. Here the observed 
partial correlation between these variables is R , __= 0.52 (the subscripts 
denote the following variables: y = maximum total phosphate concentration; 
1 = precipitation phosphate concentration; 2 = percentage of homes connected 
to the city sewer system; 3 = average annual weight of phosphates used in 
garden fertilizers). As one can see, these results are very similar to those 
observed with respect to the study of the relationship between precipitation 
phosphate concentration and average total phosphate concentrations found in 
residential streams. 

Household Detergent Use And Phosphate Pollution 

Much has been written about the influence of household detergents 
on the phosphate pollution problem, but since 1970 various factors have 
probably contributed to the dimlnuation of the total amount of detergent 
phosphate use. Since much of our phosphate detergent use data were gathered 
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in the period when this process was taking place and many water samples 
were collected somewhat later, the expected relationship between these var- 
iables may not materialize. In fact, in this investigation, the spatial pat- 
tern of detergent phosphate use was quite complex and may be of a random 
nature (see Figure 10, p. 29). When the detergent use data were correlated 
with the data describing average total stream phosphate concentrations, 
average stream orthophosphate concentration, maximum total stream phosphate 
concentrations, and maximum stream orthophosphate concentration, no signifi- 
cant relationships were observed (see Table 11, p. 30). Separate partial 
correlation analysis comparing detergent use data with stream phosphate 
concentration parameters, where the effects of precipitation, household sani- 
tary system type, and garden fertilizer use were held constant, also disclosed 
no significant relationships in this study. However, in an earlier pilot 
survey conducted in 1970 a small but significant correlation between the 
total phosphate content of 20 watershed units and the average monthly use 
of detergents was noted (r = 0.49), and in a multiple regression analysis of 
the spatial variation of stream phosphate concentrations, the detergent use 
parameter accounts for about five per cent of the variation in stream phos- 
phate content. This may either have been the result of the small sample size 
leading to the existence of a Type II error (A Type II error is accepting 
a false null hypothesis that r i 0) in the study, or it may be the result of 
the fact that the study was conducted during a time when the householders 
were using more phosphates in their detergents. It is difficult to say which 
case describes the situation found in this study. 

Garden Fertilizers And Phosphate Pollution 

While little has been written about the possible influence of 
garden fertilizers on stream phosphate levels, it is believed that garden 
fertilizer use effects stream phosphate levels much in the same way as 
agricultural fertilizers effect those streams draining agricultural lands. 
In this investigation, the correlations between the average annual weight 
of garden fertilizers used and the four parameters describing stream phos- 
phate concentrations (mean total phosphate concentration, mean orthophosphate 
concentration) were all found to be significant as can be seen in Table M. 
Later we shall see that the fertilizer use variable is a significant explan- 
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atory variable in tine multiple regression models used to account for the 
spatial variation of stream phosphate loads. Therefore, it can be inferred 
that the use of garden fertilizers is a factor to be reckoned with in the 
analysis of stream phosphate concentrations, but the relative importance of 
this factor remains to be assessed in the multiple regression studies. 

Population Densities And Phosphate Pollution 

Since numerous writers have suggested that phosphate pollution 
problems are associated with urban areas with high population densities, it 
is feasible to expect a strong positive correlation between watershed popu- 
lation densities and stream phosphate levels. However this relationship may 
not exist in the expected form In this investigation, since we are not dealing 
with waters which flow through city sanitary sewer systems and are processed 
in sewage treatment plants, where effective pollution control is feasible 
through the application of modern techniques of treatment. In this study, 
the sample waters have not been processed in a sewage treatment plant. They 
enter the Detroit River in an untreated form, and in those areas dominated 
by high population densities, city sewer systems may divert large quantities 
of phosphate rich effluents away from the surface drainage systems. There- 
fore, it was not surprising to find significant Inverse correlations between 
population densities and the four stream phosphate variables (see Table II). 
One reason for these inverse correlations is that a high degree of colinearlty 
exists between the population density variable and the percentage of house- 
holds connected to city sewers. If a significant inverse relationship exists 
between percentage of households connected to city sewers and stream phosphate 
concentrations, then there should be a corresponding inverse set of relation- 
ships between population densities and the four stream phosphate concentration 
parameters, as was found in this study. 

Household Sanitary System Type And Phosphate Pol 1 ut ion 

Since this investigation was concerned with the possible rela- 
tionship between household sanitary system type and stream phosphate con- 
centrations, an attempt was made to assess the spatial relationships between 
the four indices of strewn phosphate concent rat ion and the percentage of house- 
holds connected to city sewer systems. It was expected that a significant 
set of inverse correlation coefficients would be observed, because septic 



30 



TABLE II 
DATA CORRELATION MATRIX FOR 61 SITES 



Variable 



1. % houses on city sewer lines 

2. lbs. phosphates in fertilizer 

3. lbs. phosphates in detergents 

4. mean total stream phosphate 

5. mean orthophosphates in streams 

6. max. total stream phosphate 

7. max. orthophosphates in streams 

2 

8. population density/0,25 km 

9. mean stream polyphosphate content 

10. max. stream polyphosphate content 

11. precipitation phosphate content 



1. 
1.00 



-.43 
1.00 



-.17 

.21 

1.00 



-.87 
.54 
.26 

1.00 



-.88 
.54 
.19 
.98 

1.00 



6. 

-.81 
.57 
.24 
.97 
.94 

1.00 



-.83 
.55 
.22 
.96 
.97 
.97 

1.00 



8. 

.61 

-.30 
-.14 
-.51 
-.53 
.46 
-.46 
1.00 



-.67 
.44 
.29 
.83 
.69 
.85 
.78 
-.31 
1.00 



10. 

-.52 
.52 
.24 
.68 
.60 
.78 
.61 

-.28 
.79 

1.00 



.IS 



,xt 



22 



,23 



Correlations of 0.25 significant at 0.05 level, based on 61 sample sites 

* based on 24 sites where precipitation data were available only correlations of 0.396 are significant 

at 0.05 level 
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tanks and other forms of waste disposal systems are not as efficient as inte- 
grated sewer systems in keeping phosphates out of local stream systems. In 
the field studies it was noted that, in those areas served by septic tanks, 
stream waters tended to be foul smelling and dirty, and it was suspected 
that many of the septic tanks in the study area were inefficient. The area 
is dominated by very poorly drained heavy textured soils and a very high water 
table (see Figure 8, p. 25) and conditions are not considered to be conducive 
to efficient septic tank operation. In this region therefore, it is quite 
feasible that some of the phosphates find their way into local streams via 
ground water recharge and septic tank leakage. Since over one third of the 
sample watersheds are dominated by septic tank disposal systems, this could 
be a major source of phosphate pollution. Actually, the mean percentage is 
only 67 and the standard deviation for this variable is h] percent. 

Most of the areas dominated by septic tank systems were located 
in the fringes of the city and in South Windsor, where the highest levels 
of stream phosphate concentrations were noted. When the percentage of house- 
holds connected to city sewers per watershed variable was correlated with 
mean total stream phosphate concentration, mean stream orthophosphate con- 
centration, maximum total stream phosphate concentration, and maximum stream 
orthophosphate concentration, four high negative correlation coefficients 
were observed, all of which were significant (see Table II). All of these 
correlations were below a value of -0,8l. The bivariate coefficient of de- 
termination (r ) between mean total stream phosphate concentration and the 
percentage of households connected to city sewers is 0.76 indicating that 76 
percent of the variation in mean total stream phosphate concentrations can 
be accounted for by the variable describing the spatial variation of drainage 
system type, which strongly suggests that the absence of city sewers in 
certain areas is a major factor behind the high stream phosphate concentrations 
found in these areas. This implies that any program of phosphate pollution 
control in an urban area will require the utilization of an integrated system 
of city sewers, and the elimination of septic tanks as urban sanitary disposal 
systems. These findings are reinforced by the other coefficients of deter- 
mination noted between the percentage of households connected to city sewers 
per watershed and the other three stream phosphate concentration variables. 
In fact, the strongest relationships noted in this study are those between 
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the stream phosphate concentration variables and the variable describing the 
spatial distribution of household sanitary system types, which suggests the 
sanitary system type is a major determinant of phosphate levels in Windsor. 
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Chapter k 

A MULTIVARIATE MODEL OF THE FACTORS ASSOCIATED WITH VARIATIONS IN URBAN 

WATER PHOSPHATE LEVELS 

Preliminary Comments 

In order to assess the combined influence of household sanitary 
system type, garden fertilizer use, household phosphate detergent use, 
population density, and precipitation phosphate concentrations on stream- 
flow phosphate concentrations, a series of multiple regression analyses 
were run. However, it was only possible to utilize precipitation data 
for m sample watersheds; but all data except precipitation data were 
analyzed in a separate series of studies for all 61 watersheds. In es- 
sence, these studies were run five ways using as the dependent variable the 
following phosphate indices: (l) mean total phosphate content; (2) mean 
orthophosphate content; (3) maximum total phosphate content; (h) maximum 
orthophosphate content; and (5) mean estimated polyphosphate content. 

Mean Total Stream Phosphate Concentration 

When the data on mean total stream phosphate concentrations were 
run against all of the predictor variables except precipitation phosphate 
concentrations in a multiple regression analysis, it was found that 79-5 
per cent of the spatial variation in mean total stream phosphate concen- 
trations can be accounted for by two variables (see Table III p. 38). 
The first and most significant explanatory variable Is the percentage of homes 
connected to city sewers per watershed which accounts for 76 percent of 
the variance in mean total stream phosphate concentrations. Household 
fertilizer use tends to account for only 3-5 percent of the variance in 
the dependent variable. Population density and household phosphate de- 
tergent use indices were both eliminated as nonsignificant from the 
study. 

When data for the 2k watersheds where precipitation data were 
available were subjected to essentially the same analysis of the spatial 
variation of mean total stream phosphate variations, similar results were 
obtained (see Table IV, p.40 ). Again the most significant explanatory 
variable was the percentage of households connected to city sewers per 
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TABLE in 

SELECTED PARTIAL CORRELATION COEFFICIENTS 
FOR THE FIVE PREDICTOR AND FIVE DEPENDENT VARIABLES 



al.2. . .n 



a2 . 1 . . . n 



a3. 1 . . .n 



a4. 1. . .n 



R 



a5. 1. . .n 



dl.2...n 



R 



d2.1. . .n 



d3.1. ..n 



d4.1.,.n 



d5. 1. . .n 

Subscript 

a. = mean 

b . = mean 

c. - max. 

d. = max. 

e. = mean 



.84 

.38 
.12 
.06 

.45* 
.79 
.38 
.09 

.12 
.54* 



^11.2. 

'^32.1. 

^3.1. 

^4.1. 
\5.1. 
el .2, 
^2.1. 
^3.1. 
^4.1. 



Designations 
total phosphate content 
orthophosphate content 
total phosphate content 
orthophosphate content 
polyphosphate content 



n 


.85 


n 


.38 


n 


.02 


n 


.03 


n 


.44* 


n 


.66 


n 


.20 


n 


.24 


n 


.18 



cl.2, 



c2.1. 



c3.1 



c4 . 1 



R 



c5.1. . .n 



.n 


.75 


.n 


.43 


.n 


.11 


.n 


.10 


= 


.52 



1 = % households on city sewers 

2 = phosphate fertilizer use 

3 = phosphate detergent use 

4 == population density 

5 = precipitation phosphate content 



* based on 24 sites only; significant correlations must exceed . 38 
all other correlations must exceed .23 
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watershed which accounted for 70 percient of the variance in mean total 
stream phosphate concentrations, and the second most important explanatory 
variable was mean annual weight of phosphates used in garden fertilizers, 
which accounted for 5.7 percent of the variance in the model. it is 
interesting to note that spatial variations in precipitation phosphate 
concentrations only account for k.8 per cent of the variance in the 
dependent variable, but this is still significant, in spite of the fact that 
the bivariate correlation coefficient between these two variables was non- 
significant. It should be emphasized here that the precipitation and fer- 
tilizer use indices, combined, only account for 10.5 per cent of the 
spatial variation of mean total stream phosphate concentrations which 
Indicates that they play only a minor role in the phosphate pollution pattern 
found in streams draining residential lands. Therefore, based on the 
results of this analysis, the most important factor associated with mean 
total stream phosphate loads involves the spatial distribution of septic 
tank use as opposed to sewer system use. Thus, effective phosphate pollution 
control in Windsor should be predicated on the elimination of septic tank 
use and the more effective treatment of water funneled into sewerage treat- 
ment plants, through the addition of phosphate removal systems. 

It is interesting to note that the variables measuring phosphate 
fertilizer use, household sanitary system type, and precipitation phosphate 
concentration, when combined, account for 80.8 percent of the spatial 
variation in mean total stream phosphate concentrations. These results are 
quite significant in spite of the relatively small sample size, and they 
are In very close agreement with the results obtained in the multiple re- 
gression analysis run on the 61 sample watersheds where precipitation data 
were not used . 

Maximum Total Stream Phosphate Concentration 

When the multiple regression analysis was run between maximum 
total stream phosphate concentrations and the predictor variables, a set 
of relationships similar to those observed with respect to mean total phos- 
phate concentrations were found (see Table V, p. ^1). When all of the 
predictor variables except precipitation phosphate concentration were 
used to account for the spatial variation of maximum total phosphate con- 
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TABLE IV 

MULTIPLE REGRESSION STUDIES 
OF MEAN TOTAL STREAM PHOSPHATE CONCENTRATION 

Results Based on Total Sample of 61 Sites 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.221* 

2. lbs. phosphates in fertilizers used/year ,124'' 



I* 



Regression Equation y - 2.79 - 221x + .124x- 

Multiple Correlation R = 0.892*; R^ - 0.795 ^ 12 " °-^^^ 

Results Based on 24 Sites Where Precipitation Data Were Available 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.214* 

2. lbs. phosphates in fertilizer used/year .138* 

3. precipitation phosphate content 2.593* 

Regression Equation y = 2.01 - .214x, + .ISSx- + 2.593x 

Multiple Correlation R = 0.899*: R^ = 0.808 s ,^, = 0.568 

y . 123 

* = significant at 0.05 level 
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TABLE V 

^ MULTIPLE REGRESSION STUDIES 

OF MAXIMUM TOTAL PHOSPHATE CONCENTRATION 

Results Based on Total Sample of 61 Sites 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -,235* 

2. lbs. phosphates in fertilizers used/year .200* 

Regression Equation y = 3.016 - .235x, + . 2Q0x 

Multiple Correlation R - .847; R^ = .718 s ^^ " 0-807 

Results Based on 24 Sites Where Precipitation Data Were Available 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.229* 

2. lbs. phosphates in fertilizers used/year .243* 

3. precipitation phosphate content 4.297* 

Regression Equation y = 1 . 75 - .229x + .243x2 + 4.297x2 
Multiple Correlation R = .877*; R^ = .767 s ^23 = ^•'''''^ 

* = significant at 0.05 level 
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centrations, 11 percent of the variation of the dependent variable was 
accounted for by two predictor variables. Again, household sanitary system 
type and garden fertilizer use indices rank as the first and second most 
important explanatory variables. Also It is important to note that the 
household sanitary system type index accounts for most of the variation in 
the dependent variable (66.5 percent), which reinforces comments made earlier 
with respect to the importance of eliminating septic tanl<s as a form of 
urban sanitary system. 

When a multiple regression analysis was run between maximum total 
stream phosphate concentrations and all of the predictor variables includ- 
ing precipitation phosphate concentration for 24 watershed units, 76.9 
percent of the spatial variation of maximum total stream phosphate concen- 
tration was accounted for by three variables including: (l) percent house- 
holds connected to city sewers; (2) average annual weight of phosphate fer- 
tilizers used per watershed; and (3) precipitation phosphate concentration. 
While the precipitation phosphate concentration variable and fertilizer use 
variable combined accounted for 20.3 percent of the variance in maximum total 
stream phosphate concentrations, the key explanatory variable in this regr- 
ession model was the percentage of households connected to city sewers, which 
accounted for 5& percent of the variance in maximum total stream phosphate 
concentrations. While these figures differ slightly from those observed in 
the other regression studies, the differences are not of a sufficiently large 
enough magnitude to be a result of anything other than statistical sampling 
errors. Therefore, the same inferences which were applied to the studies 
of mean total phosphate concentrations also apply to those of maximum total 
phosphate concentrations found in streams. 

Orthophosphate Relationships 

Due to the possibility that those factors associated with total 
phosphate concentrations in streams do not effect orthophosphate concentra- 
tions in the same manner, a series of multiple regression studies were run 
between mean orthophosphate concentration, maximum orthophosphate concent- 
ration and the predictor variables, following the same procedures as were 
applied to the study of total phosphates. The results of these studies are 
shown in Table VI p. 43. Since the orthophosphate concentrations tend to 
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TABLE VI 

MULTIPLE REGRESSION STUDIES 
OF MEAN ORTHOPHOSPHATE CONCENTRATION 

Results Based on Total Sample of 61 Sites 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.203* 

2. lbs. phosphates in fertilizers used/year .110* 
Regression Equation y = 2.440 - .203Xj + .llOx^ 

Multiple Correlation R = 0.896*; R^ = .802 s ^^ = 0.510 

Results Based on 24 Sites Where Precipitation Data Were Available 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.211' 

2. lbs. phosphates in fertilizers used/year .118^ 

3. precipitation phosphate content 2.473* 
Regression Equation >^ = 1.810 - .211xj^ + .llSx^ + 2.473x2 

Multiple Correlation R = .906*; R^ = .821 s ^^3 " 0-527 



I * 



i* 



= significant at 0.05 level 
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be highly correlated with the total phosphate concentrations in the 
stream samples as evidenced by a correlation coefficient r r 0,97 for 
the mean phosphate concentration studies and a correlation coefficient 
of r = 0.95 for the maximum phosphate concentration studies, the 
multiple regression results for all orthophosphate analyses should be very 
similar to those of the total phosphate series studies. If one compares 
the multiple regression results for mean total and mean orthophosphate 
concentrations in stream waters for the 6l watershed units, one will find 
that they are almost analogous. A similar situation exists when the 
multiple regression data for maximum total and maximum orthophosphate 
concentrations for residential streams are compared. 

When the multiple regression studies were run on the watersheds 
where precipitation data were available, the results of the multiple regres- 
sion analyses of mean orthophosphate stream concentration variations were 
very similar to those of mean total phosphate concentration variation. 
The same pattern was observed In the regression studies of maximum total 
stream phosphate concentration and maximum orthophosphate concentration in 
streams where precipitation data were available indicating a general pattern 
of consistency in all of the regression studies. 

One aspect of these results Is that the orthophosphate measure- 
ments could be used as an indicator of stream phosphate content In a study 
of stream phosphate pollution patterns. The time consuming digestion pro- 
cedures of a total phosphate analysis would be avoided and a rough estimate 
of the phosphate levels in the streams under study would be obtained. How- 
ever, in some areas this may prove to be a risky procedure. Another aspect 
of these results is that, in all cases, household sanitary system type emerges 
as the dominant controlling factor for stream phosphate levels, with pre- 
cipitation phosphate levels and phosphate fertilizer use also contributing 
significant amounts of phosphates to stream systems. 

Some Observations on Estimated Stream Polyphosphate Concentration Patterns 

Since it was hypothesized that estimated stream polyphosphate 
concentration patterns are a multivariate function of household sanitary 
system use patterns and population density, multiple regression studies 
were run between mean estimated stream polyphosphate contents, maximum 
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TABLE VII 

MULTIPLE REGRESSION STUDIES 
OF MAXIMUM ORTHOPHOSPHATE CONCENTRATION 

Results Based on Total Sample of 61 Sites 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.226* 

2. lbs. phosphates in fertilizers used/year .155* 
Regression Equation y = 2.808 - . 226x + . ISBx^ 

Multiple Correlation R = .854*; R = . 729 ^ - = 0.724 

Results Based on 24 Sites Where Precipitation Data Were Available 

Variable Partial Regression Coefficient 

1. % households connected to city sewers -.220* 

2. lbs. phosphates in fertilizers used/year .192* 

3. precipitation phosphate content 4.155* 
Regression Equation y = 1.488 - .220x + . 192x + 4.155x 

Multiple Correlation R = .896*; R^ = .802 s ^^3 = 0-614 



* = significant at 0.05 level 



estimated stream polyphosphate concentrations, and the four predictor 
variables. The results of these analyses are found in Table Vllt, p. '47. 

Basically the results are quite similar to those found in the 
studies of stream total phosphate concentrations and stream orthophosphate 
contents, but it should be noted that the multiple correlation coefficients 
are lower, which may reflect the effects of the higher level of measurement 
error present in the estimates of stream polyphosphate concentrations. Also, 
it should be noted that the scale of magnitude of the stream polyphosphate 
contents is considerably smaller than that of total stream phosphate content 
and stream orthophosphate content, which may further reduce the correlations 
between the dependent and independent variables. 

In the explanation of the spatial variation of mean stream poly- 
phosphate concentrations, the variable describing detergent phosphate use 
patterns is a significant contributor to the regression equation, a situa- 
tion not observed in any of the other studies. This can be readily ration- 
alized by the fact that most of the detergent phosphates are of the poly- 
phosphate form and should by all rights be related to stream phosphate pat- 
terns, if inadequate sanitary disposal systems are encountered. Thus a 
combination of inefficient septic tanks and high phosphate detergent use 
should be associated with high stream polyphosphate levels. This conclusion 
tends to be supported by the results of this regression study and by a 
partial correlation of 0.2^1 between mean stream polyphosphate content and 
mean monthly detergent phosphate use. These results are not conclusive by 
any means, because the dependent variable represents only an estimate and 
the data on the detergent use patterns may be somewhat out of date. How 
ever, the observed trend is still statistically significant, and the effects 
of detergent use patterns as a contributory factor in phosphate pollution 
patterns cannot be Ignored in spite of recent efforts to reduce the phos- 
phate content of household detergents. Continued control of the phosphate 
content of household detergents should be exercised, because such action will 
ease the treatment of phosphates at sewage treatment plants and also parti- 
ally reduce the phosphate problem associated with septic tank use. 

Concl us ions 

Throughout the course of this investigation, the persistence of 
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TABLE VIII 

MULTIPLE REGRESSION STUDIES 
OF POLYPHOSPHATES IN STREAMS 

Mean Stream Polyphosphate Content 
Variable Partial Regression Coefficient 

1. % households connected to city sewers -.094* 

2. lbs. phosphates in detergents used/month .529* 

Regression Equation y = 0.803 - .094x + .S29x» 

2 
Multiple Correlation R = .695*; R = .483 s ^, = 0.474 

y . iz 

Maximum Stream Polyphosphate Content 
Variable Partial Regression Coefficient 

1. % households connected to city sewers -.067* 

2. lbs. fertilizer phosphates used/year .145" 



;* 



Regression Equation y = 0.888 - .067x + .HSx^ 

Multiple Correlation R = .614*: R^ = . 376 s ,^ = 0.662 

y.l2 
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household sanitary systems as a dominant determinant of stream, phosphate 
levels has been demonstrated. In spite of the fact that precipitation 
phosphate concentrations and phosphate fertilizer use also contribute 
significantly to stream phosphate levels, the variable measuring the 
influence of household sanitary system type explains from 56 to 76 percent 
of the spatial variations in total stream phosphate levels, while the same 
predictor variable accounts for 61 to 77 percent of the spatial variation 
in stream orthophosphate levels, depending on whether precipitation data 
are present. These results therefore suggest that if phosphate pollution 
abatement is to be practiced, a concerted effort should be made to place 
all urban residential units on an integrated city sewer system where phosphate 
control can be practiced at the treatment plant. In the Windsor area, septic 
tanks are probably not an efficient means of keeping excessive quantities 
of phosphates from local stream systems, because in every area where high 
stream phosphate concentrations were observed we found a large percentage 
of the homes serviced by septic tanks. 
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APPENDIX A - QUESTIONNAIRE 

UNIVERSITY OF WINDSOR 

WATER QUALITY RESEARCH PROJECT 

We are conducting a community survey of water and detergent use 
in the city of Windsor. Your home has been selected in our sample of 
Windor households. May I interview someone in your family? This survey 
is designed to assess the magnitude of water and sewer system needs for 
the city of Windsor. This information will be used by our scientists to 
develop an effective water conservation plan for the city of Windsor, All 
individual responses will be l<ept confidential and used only to derive 
city-wide water use statistics. If you have any questions concerning this 
survey, please call Dr. Jack Ransome, Department of Geography, University 
of Windsor. 

1. Single-family house duplex apartment 

2. Do you have the following appliances? non-automat ic washing 

machine automatic washing machine dishwasher ^ g arbage 

disposal _water softening equipment 

3. How often do you wash clothes per weel<: 



less than once 1-3 times ^3-5 more than 5 times_ 

k. Which season of the year do you wash clothes more frequently? 

summer winter ^spr i ng ^fal 1 s ame 

5. How long have you been using a dishwasher? 



How long have you been using a washing machine' 



6. How often do you do your washing in a commercial laundromat? 
Never occasionally frequently all of the time 

7. Which of the following cleaning agents do you use, and if possible, 

indicate approximately how much is used monthly? 

Product Use Amount (l-1b. box) Did you use 

used monthly - this product 5 
years ago? 



Ajax 
Ajax ? 
All 
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Anaze 

ABC 

Amway Water Softener 

Arctic Power 

Arm and Hammer Sal Soda 

Amway SAB 

Amway for Dishwasher 

Bio-Ad 

Bold 

Breeze 

Bestoine B 7 

Bestline Liquid Concentrate 

Cheer 

Cal gon i te 

Calgon (water conditioner) 

Cascade 

Downey 

Dreft 

Duz 

Old Dutch Bleach 

Or i ve 

Explore 

Explore Liquid 

Fleecy 

Fab 

Finish 

Ivory Snow 

I ns tant Fel s 

Jet Spray 

Javex Bleach 

Lestoi 1 

Lux 

Maple Leaf Soap 

Maleo Laundry Detergent 

Mr. Clean 

Lawsons Borax 



Si* 



Nutri -cl ean 

Peri 

Pi nesol 

Ri nso 

Oxydol 

Sunl i ght 

Surf 

Sol vease 

Snowy Bleach 

Spic and Span 

Swi sh 

Tide X K 

Tend Maskinvatt 

Whistle 

Wisk 

Zero 

Comet 

Others 



8. I n Add i t ion , how much detergent do you use for hand washing fine 
clothes monthly? 

9. When washing dishes, which products do you usually use? 

Now, we have a few questions on the use of garden fertilizers. 

10. How frequently do you add fertilizer to your garden? 

Never seldom once a year several times a year 

11. How often do you add fertilizer to your lawn? 

Never seldom once a year several times a year 

12. What are the approximate dimensions of your lot? 



13. Approximately how many pounds of fertilizer do you add to your lawn 

and garden each year 

\h. What brand or type of fertilizer do you use? 

lawn garden 
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Now we would like to ask a few questions to see how family character- 
istics might affect the use of cleaning agents. 

15. Number of household members In each age group? 

0-it ^5-12 13-19 19-39 3 9 + 

15. How many females belong to each of these age groups? 
0-h 5-12 13-19 19-39 39± 



17. What is the occupation of the principal breadwinner of the 
househol d? 

18. Into which of these categories does your family income fall? 

up to 6000 6000-9000 9 000-12000 12000 to 15000 

15000 and above 

19. How long has your family lived in this home? 

20. How are wastes and sewage materials removed from your home? 
city sewer septic tank o ther means 

Thank you for your cooperation. 

Will you please state your feelings about these questions on phosphate 

pol 1 ut ion? 

1. Which of the following do you feel contribute the most to the phos- 
phate pollution problem? Enci rcle the word . 

a. Hospitals b. Industries c. Restaurants d. Householders 
e. Laundries f. Others 

2. In what order would you place the following solutions to phosphate 
pollution? Place the letters in the blanks below. 

(a) industry should reduce its use of phosphates (b) the manufacturers 
of detergents should reduce the phosphate content (c) householders 
should substitute a lower phosphate content detergent (d) sewage dis- 
posal treatment should be improved so that reduction in phosphates 
could take place. 

3. 1. 2. 3. k. 

3, Do you plan to shift to or substitute a detergent lower in phosphates 
than the one your presently use? Yes ^No ^Not sure 

k. To what extent do you agree or disagree with each of the following 
statements? 
(a) Phosphates cause pollution 
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strongly agree ^agree disagree strongly disagree 



(b) The phosphate pollution problem must be dealt with as soon as possible. 
strongly agree agree ^disagree ^strongly disagree 

(c) I would be willing to spend extra tax money on improved sewage disposal 
treatment of phosphates. 

^strongly agree agree disagree strongly disagree 

(d) The spoiling of our rivers and lal<es will continue unless the 
amount of phosphates used is substantially reduced. 

s trongly agree agree disagree strongly disagree 

(e) Phosphate pollution does not concern me personally. 

strongly agree ^agree disagree strongly disagree 

5. In your opinion has the Provincial or Federal government done anything 

to curb phosphate pollution? 

^something a lot ^very little ^nothing 
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APPENDIX B 
FRACTILE DIAGRAMS 

One of the assumptions of regression analysis is that the data 
are normally distributed, and according to King (I969, pp. 81-82) this 
assumption may be tested through the use of a fractile diagram. A fractile 
diagram is constructed on a piece of arithmetic probability paper as 
follows- 1. the observations are converted to standard scores (z) by 
taking the difference between the observation scores and their mean 
followed by the division of these differences by the standard deviation of 
the observations; 2. these standard scores are then arrayed and assigned 
a percentile rank; 3- using the percentile rank of these standard scores 
as the vertical coordinate and their numerical value as the horizontal 
coordinate, one plots them on the graph; h. using the mean and standard 
deviation of the data, plot a line for the normal distribution on the 
graph which will pass through coordinates (z = -2, percentile rank=95) and 
(z = 0, percentile rank ■ 50); and 5. finally plot the confidence bands for 
the line depicting a normal distribution. These confidence bands are 
determined by calculating the standard error of the normal curve according 
to the formula: 

S.E. = (p(l-p)/N y *^) ^/^ 
p= percentile rank; N= sample sizei y*= ordinate of the normal curve. 
Once the standard error is calculated, the width of the confidence band is 
a multiple of the standard error and a value associated with the selected 
significance level. In this investigation the chosen significance level 
was 0.01, so the standard error terms were multiplied by 2.58 to yield 
the appropriate confidence band width. 

When the phosphate data were subjected to fractile diagram an- 
alysis, the data were found to be significantly skewed; and only after a 
square root transformation were the data found to conform to a normal dis- 
tribution pattern which is depicted in Figure 14 and Figure 15- In Figure 
l4 and Figure 15, the square root transformations of the phosphate data are 
graphed on the fractile diagrams, and it can be seen that the data points 
all fall within the confidence bands indicating that in the transformed 
state, there is no significant deviation from normality at the 0.01 level 
of significance. 
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APPENDIX C 
INSTITUTE RESEARCH TEAM 



The members of the Institute Research Team who worked on this 
project were: 

Project Director: P.D. LaValle, B.A. (Columbia), M.A. 

(Southern Illinois), Ph.D. (State 
University of Iowa). Associate 
Professor of Geography at the University 
of Windsor since 1969. 

Consultant: M. Adelman, B.A.Sc, Ph.D (Toronto). 

Associate Dean of Graduate Studies 
Professor and Head, Department of 
Chemical Engineering - at the University 
of Windsor since 1956. 

Research Assistant: L.S. Llew, M.A.Sc. (Chemical Engineering) 

University of Windsor 1970. 

Research Assistant: G. McGonlgal , B.A. (Geography) 

University of Windsor 1972 
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